ABSTRACT. We tried to develop an experimental system for quantifying piroplasm transmission in Theileria sergenti infection using a SCID mouse model, of which red blood cells (RBC) had been substituted with bovine (Bo). A mouse hybridoma cell producing antibody against Holstein RBC was established for distinguishing Holstein RBC from Japanese Black RBC by a immuno-staining method. T. sergenti piroplasms in RBC were stained by 4',6-diamidino-2-phenylindole. With the aid of these techniques the piroplasm transmission from one to another race of Bo-RBCs could successfully be quantified in SCID mice. -KEY WORDS: erythrocyte, Theileria sergenti, transmission.
to the mice by transfusing 1.0 × 10 7 of parasitized HoRBCs (20% of them were piroplasm positive).
The method for establishing mouse hybridomas was described previously [5] . A 10-week-old BALB/c mouse (Japan CLEA, Tokyo) was immunized 4 times with 1 × 10 9 Ho-RBCs at 7-day-intervals and boosted once 3 weeks after the last immunization. The spleen cells obtained from the mouse 1 week after the booster injection were fused with mouse myeloma P3-X63-Ag8U1 cells at a ratio of 10:1 in the presence of 50% polyethylene glycol 4,000 (Merk, Darmstadt, Germany). Hybridomas were selected in Dulbecco's modified Eagle medium (Flow Laboratories, Inc., McLean, VG, U.S.A.) containing 16 µM aminopterin, 100 µM thymidine and 10% fetal bovine serum. Cultured supernatants were examined by indirect fluorescent antibody test using Ho-RBCs as antigen and FITC-labeled anti-mouse IgG (Serotec, Oxford, UK) as the secondary antibody. Hybridomas showing positive reaction were cloned twice by limiting dilution and finally one clone (3F1) that stably producing anti-Ho-RBC antibody was obtained.
An experimental system for assaying piroplasm transmission was developed. When the parasitemia in SCID mice substituted with Ho-(2 head) or JB-RBC (2 head) was elevated up to 40 to 43%, the mice were injected intravenously with 7 × 10 9 RBCs which were different in the race from those in the circulation. Blood sample were collected from tail vein on 0.05, 1, 2, 3, 4 and 6 hr after the transfusion. Fifty microliter of the blood sample was mixed with 200 µl of anti-Ho-RBC mouse monoclonal antibody (culture supernatant of hybridoma clone 3F1) and reacted for 1 hr on ice. After 3 times washing with Alsever's solution the RBCs were resuspended in 50 µl of heat inactivated fetal bovine serum. Then, they were smeared on a slide glass and fixed with methanol followed by staining with alkaline phosphatase-labeled anti-mouse IgG goat IgG as the secondary antibody (DAKO LSAB kit, Glostrup, Denmark). Parasites in the smeared samples were stained by pouring a drop of glycerin containing a 50 µg/ml of DNA staining fluorescent reagent, 4', 6-diamidino-2-phenylindole (DAPI, Wako Co., Osaka).
In cattle infected with Theileria sergenti, anemia is one of the major causes of morbidity and mortality and is likely to be resulted from repeated cycles of the intraerythrocytic stage(piroplasm) of T. sergenti [3, 6] . The factors affecting on the analysis of piroplasm transmission and the detailed mechanisms for the piroplasm to liberate from and enter into red blood cells (RBC), however, are poorly understood because of inability of in vitro cultivation systems of the parasites and of the unavailability to find small experimental animals that are susceptible to the infection.
Using severe combined immunodeficient (SCID) mouse, we have recently established an experimental system in which xenogenic RBCs are circulating predominantly, and therefore, it allows to proliferate protozoan parasites that are not infectious to mouse [5, [9] [10] [11] [12] . Introduction into those T. sergenti-infected SCID mice with bovine (Bo)-RBCs from a donor of which RBCs are distinguishable from those already present in the circulation would provide an useful system for quantifying the cell to cell transmission of the parasites. Thus, we tested here a method for discriminating Holstein (Ho) RBCs from Japanese Black (JB)-RBCs by immuno-staining and developed a SCID mouse system that could quantify the piroplasm transmission in T. sergenti infection.
Four CB.17-scid (SCID) mice of mixed sex were purchased from Japan CLEA Co. (Tokyo), splenectomized under ether anesthesia, and used at ages between 5 to 10 weeks. The method for RBC substitution was described previously [5, 9] . In brief, heparinized blood taken from a T. sergenti-free JB and a Ho cattle was washed 3 to 4 times with excess volume of an acid citrate dextrose anticoagulant solution (Alsever's solution). They were then transfused intravenously into SCID mice at 3-to 7-day-intervals, which were also injected subcutaneously with anti-mouse RBC rat monoclonal antibody for the rapid removal of their own RBCs. T. sergenti Chitose strain [6] was, then, challenged Under a fluorescent microscope (BH2-RFCA, Olympus Co., Tokyo) with a filter (420 nm), the differentiation of RBC origin and the presence of the parasites in RBC could clearly be made in the same microscopic field (Fig. 1) . None of piroplasms in the dividing stages of binary fissions or four merozoites was found in newly transfused RBCs indicating that the intraerythrocytic parasites did not multiply within the 6 hr of incubation. Thus, under this experimental condition, we could evaluated the efficiency of piroplasm transmission of which the parameters would be piroplasm liberation from and entry into Bo-RBCs. Because the disease caused by T. sergenti is considered to be the results from repeated growth cycles in erythrocytes which require piroplasm liberation from an infected cell and penetration into another cell [9] , the method described here may be useful for evaluating the ability of cell to cell transmission of various strains of T. sergenti and for studying suppression mechanisms of anti-theilerial or anti-RBC antibodies, and anti-theilerial drugs. The kinetic of the transmission from JB-RBC to Ho-RBC and that from Ho-RBC to JB-RBC (Fig. 2) were not different and a regression line estimated by the method of least squares was Y(parasitemia in % 0) = (0.78 ± 0.13)X (hr) + ( 0.14 ± 0.17).
Efficiency of cell to cell transmission by T. sergenti piroplasm in SCID mice could be also affected by efficiency of RBC elimination from the circulation, since it has been shown that the xenogenic RBCs in SCID mice were eliminated in a species-specific fashion [2] . The constances for the regression lines (percent of RBCs remained in the circulation against hour) determined by assaying the clearance of 2.5 × 10 8 JB-and Ho-RBCs in SCID mice were 10.05 and 4.12, respectively, and the periods for a complete substitution from Ho-RBCs to JB-RBCs and from JB-RBCs to Ho-RBCs in SCID mice were 12 and 9 days, respectively. However, the influence of the selective Bo-RBC elimination to the efficiency of the piroplasm transmission seemed to be ignorable at least for 6 hr of the incubation as judged by the present result. Kawamoto et al. [4] described recently in vitro method for studying RBC invasion by T. sergenti and Hagiwara et al. [1] reported an improvement of the method, where they purified piroplasms from mechanically disrupted parasitized-RBCs and incubated them with Bo-RBCs at 5 to 10 multiplicities of infection. Only 0.8% of RBCs became to be parasitized within 10 min of the incubation but the rates of parasitized RBCs did not increase even when they were incubated for other 2 hr. It is not clear whether the piroplasms of over 99% were not infectious or their invasion was blocked competitively by immature parasites and/or their components or the metabolites.
Concerning to the difference in the susceptibility to T. sergenti infection in JB and Ho cattle, Terada et al. [7, 8] confirmed a higher level of parasitemia in Ho cattle. Watarai et al. [13] found that I-active ganglioside containing with N-acetylneuraminic acid bound strongly with T. sergenti piroplasm and that JB-RBCs contained much lower quantity of that ganglioside. Thus, they suggested that a weaker piroplasm adhesion to Bo-RBC via I-active ganglioside might result in lower susceptibility of JB cattle to T. sergenti infection. However, the rate of piroplasm transmission from Ho-into JB-RBC was same as that from JB-to Ho-RBC (Fig. 2) , indicating that the different susceptibility between JB and Ho cattle might be ascribed some other mechanism than piroplasm transmission such as the difference of the efficiency of piroplasm proliferation in RBC or of the immune response to parasite in both breeds. 
